INSTITUT CATALA DE CIENCIES DEL CLIMA |C§]

Climate prediction for climate
services: a new paradigm in climate

research and modelling
F.J. Doblas-Reyes, CFU/IC3 and ICREA, Barcelona, Spain

M. Asif (IC3), L. Batte (Météo-France), M. Davis (IC3), J. Garcia-
Serrano (IPSL), N. Gonzalez (IC3), V. Guemas (IC3/Météo-
France), D. MacLeod (Univ. Oxford), A. Pinto (IC3), C.
Prodhomme (IC3), L. Rodrigues (IC3), V. Torralba (C3)

SPECS =

e -to-decadal climate Pred
SEVENTH FRAMEWORK Seasonal-to-decadal climate Prediction for the 1
ppppppppppppppp sement of European Climate Services

BSC Seminar - Climate prediction for climate services: a new paradigm in climate research and modelling Barcelona, 16 September 2014



. . . . INSTITUT CATALA DE CIENCIES DEL CLIMA TCG]
Prediction on climate time scales

Progression from initial-value problems with weather
forecasting at one end and multi-decadal to century
projections as a forced boundary condition problem at the
other, with climate prediction (sub-seasonal, seasonal and
decadal) in the middle. Prediction involves initialization and
systematic comparison with a simultaneous reference.

Subseasonal to
seasonal forecasts Decadal forecasts

Weather (2 weeks-18 (18 months-30 Climate-change
forecasts months) years) projections

Initial-value driven

Boundary-condition driven

Adapted from Meehl et al. (2009)
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El Nino-Southern Oscillation (ENSO)

Sea surface temperature anomalies from the CPC/NCEP
analysis for the four Nino reglons El Nino in 2014
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Wind and ENSO

Change in normalised 10-metre wind speed between El Nino
(top) and neutral years for SON; for La Nina (bottom).

ERA-Int over 1979-2013 stratified using the Nino3.4 (5°N-
505, 1200-170°W) SST index with a 0.5 K threshold.
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NINO3 .4 SST Anomaly (°C)

Seasonal forecasting
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2014 ENSO predictions: May start date

Mid-May 2014 Plume of Model ENSO Predictions
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Climate services: wind energy

What is actually requested in terms of forecasts:

e Forecasts for locations where the mean is large (wind
speed above a threshold), and both variability (somethiiiy
to predict) and skill (something useful to say) are high

e Need energy generated over a period (month, season,
etc), with uncertainty estimates, at the wind farm level

e Information for off-shore maintenance (at least 3 weeks

lead time) o Norway

e Also, energy and consumption (j(@ oslo
in other regions to balance network ((®

e Take into account o o

» Management strategies :
United Denmark
» Development plans Kingdom
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Some of the things missing

e Better understanding of the impact models, and the best
way to adapt them to the useful climate information
available

e Bias correction, calibration, combination of the forecasts
e Downscaling, when necessary

e Documentation (some stakeholders are used to the IPCC
calibrated language, which is different to the climate
forecasting language), demonstration of value and
outreach

e The EUPORIAS FP7 project, working alongside the SPECS
project, is considering solutions to address some of these

problems.
EUPORIAS
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Back to the wind energy problem

To satisfy the users’ requirements for sub-seasonal to
seasonal forecast information:

e High-frequency wind forecasts at ~100 metre height

e Bias-corrected and calibrated forecast data, i.e. whose
statistical properties mimic those of the data measured at
the wind turbine height -> Bias correcting and calibrating
high-frequency data is extremely complicated and could
destroy the little skill available

Norway
oslo
On top of this:
e Local measurements are not long s - &
e They are not even made available | United‘u | Denmark

Kingdom
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Adapting impact models

Impact surfaces of a simple wind-energy model over the North Sea for
DJF as function of the mean seasonal 10 m wind speed and temperature.

(Left) Capacity factor (average power generated divided by the maximum
power of a specific turbine) estimates obtained using the XXth Century
Reanalysis, a Rayleigh function to estimate high-frequency winds from
mean daily values and a wind profile power law to obtain 100 m winds
from 10 m winds. (Right) Frequency of occurrence of each bin.
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Wind Speed (m/s)

Bias correction and calibration
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Bias correction is unavoidable, but it has an impact on skill. Bias
correction and calibration have different effects.

DJF 10-m wind speed ECMWF S4 predictions over the North Sea
starting in November. Raw output (top), bias corrected (simple scaling,

left) and ensemble

applied.
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cglib.:a\ﬁcion (right). One-year-out cross-validation
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. ic3
Some open fronts to improve forecasts

e Work on initialisation: initial conditions for all components
(including better ocean), better ensemble generation, etc.
Link to observational and reanalysis efforts.

e Model improvement: leverage knowledge and resources
from modelling at other time scales (improve sea ice,
treatment of volcanic and anthropogenic aerosols,
vegetation and land, etc); drift reduction; more efficient
codes and adequate computing resources.

e Calibration and combination: empirical prediction (better
use of current benchmarks), indigenous knowledge.

e Forecast quality assessment: scores closer to the user,
reliability as a main target, process-based verification.

e More sensitivity to the users’ needs: going beyond
downscaling, better documentation (e.g. use the IPCC
language), demonstration of value and outreach.
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SPECS FP7/

SPECS will deliver a new generation of European climate forecast systemes,
including initialised Earth System Models (ESMs) and efficient regionalisation tools
to produce quasi-operational and actionable local climate information over land at
seasonal-to-decadal time scales with improved forecast quality and a focus on
extreme climate events, and provide an enhanced communication protocol and
services to satisfy the climate information needs of a wide range of public and
private stakeholders.

Forecast Project
System Partners RT3
CNRM initalic ot
CNRM-CM5 ' Improved initialisation
CERFACS Ensemble generation
1 RT2
KNMI, SMHI, Pilot impacts
EC-Earth IC3, ENEA Process Regionalisation * Stakeholders
evaluation Calibration Regional climate
Forecast quality Combination outlook fora
IFS/NEMO el Case studies o Empirical GCFS
and extremes Radiative forcing models Education
T Stratosphere Dissemination
Model inadequacy Communication
IPSL-CM5 CNRS Convection
Land surface
Increased resolut{yn
MPI-ESM MPG, UniHH
9 WP1.1: Management
N SPECS um UKMET WP1.2: Dissemination RT3: Forecast strategies
seonabcecatal el e reccton for e WP1.3: Coordination across EUPORIAS, NACLIM & SPECS RT4: Improved systems
RT2: Evaluation of current s2d forecast svstems RT5: Calibrated predictions at the local scale
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Initialisation
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Impact of initialisation: land surface

Difference in the correlation of the ensemble-mean near-surface
temperature from two experiments, one using a realistic and another a
climatological land-surface initialisation. Results for EC-Earth2.3 started
every May over 1979-2010 with ERAInt and ORAS4 initial conditions and a

sea-ice reconstruction. Difference for monthly mean
Difference for monthly mean T daily Tmax
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Prodhomme et al. (2014)
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Workflows and multi-platform computing

Autosubmit acts as a wrapper to run a climate experiment on a HPC. The
experiment is a sequence of jobs that it submits, manages and monitors.
When a job is complete, the next one can be executed. & _oHas 22

INFRASTRUCTURE FOR THE EUROPEAN NETWORK
FOR EARTH SYSTEM MODELLING

AUTOSUBMIT v2 HPC RESOURCES

e Divided in 3 phases: ExpID assign,

. . EXPERIMENT EXPERIMENT S
experiment creation, run. GENERATION &g MONITORING | | MARENOSTRUM
. . . TOOL TOOL
e Separation experiment/autosubmit codes. hIIIE\J(I:Z)_SORREN
. . . [ | COMMAND LINE INTERFACE
e Config files for autosubmit and ITHACA

experiment. e e

e Database to store experiment
information.

e Common templates for all platforms.

[ &

e Recovery after crashes. BATCH SYSTEMS
. . . SGE/GE
e Dealing with a list of schedulers and =1 joB PBS/TORQUE
communication protocols. 1 e Lo

LOADLEVELER

Each job has a colour in the monitoring . ] ST?I?AGEII;?EA
tool: yellow=completed, green=running, PACKEND | EXPERIMENT iﬁli E‘“ EE“I!

blue=pending, etc. N Bkl
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Impact of initialisation: sea ice (3

Predictions with EC-Earth2.3 started every November over 1979-2010
with ERAInt and ORAS4 initial conditions, and a sea-ice reconstruction.
Two sets, one initialised with realistic and another one with climatological
sea-ice initial conditions. Substantial reduction of temperature RMSE in
the northern high latitudes when using realistic sea-ice initialisation.
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Increase in resolution: stochastic physics

RMSE and spread of Nino3.4 SST (versus ERSST) from EC-
Earth3 simulations: standard resolution (SR, T255/0RCA1),
high resolution (HR, T511/0RCA025) without and with
stochastic physics (SPPT3). May start dates over 1993-2009
using ERA-Interim and GLORYS and ten-member ensembles.
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Predicting NA atmospheric circulation

Predictions of DJF NAO with EC-Earth3 standard and high resolution
and ECMWF S4 started in November over 1993-2009 with ERA-Interim
and GLORYS initial conditions and five-member ensembles. Correlation of
the ensemble mean on top left.
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CMIP5 predictions and projections

Annual-mean global-mean temperature predictions and projections from

Global mean temperature projections (RCP 4.5), relative to 1986-2005
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Decadal prediction

Multi-model real-time decadal prediction exchange already established
with IC3’s participation. Very simple approach: research exercise, learn

from it; prevent over-confidence from a single model; equal ownership.
http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/decadal-multimodel

2012 predictions for 2013 surface temperature

Multi-model decadal forecast exchange Aletage Otiservabgn

The Met Office coordinates an informal exchange of near-real time decadal
predictions. Many institutions around the world are developing decadal
prediction capability and this informal exchange is intended to facilitate
research and collaboration on the topic.

The contributing prediction systems i are a mixture of dynamical and statistical methods. The
prediction from each institute is shown below, alongside an average of all the models. When
possible, observations for the period of the forecast are also shown. Currently three variables are
included: surface air temperature, sea-level pressure and precipitation. These are shown as
differences from the 1971-2000 baseline. Maore diagnostics, including ocean variables are planned
for the future. Please use the drop-down menus below to explore the data collected to date.

This wark is supported by the European Commission SPECS project.

SPECS

To learn more about decadal forecasts at the Met Office, see our current decadal forecast,

Images last updated 2014-06-25
Issued Period Element

2003 = year 1 = surface air temperature

Decadal forecast exchange 2013 predictions for year 1 surface
air temperature
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Summary

e Sub-seasonal and seasonal forecasting (s2s) are
becoming well established operational activities with a
solid research base and an increasing application in
climate services and adaptation. Decadal is starting.

e The demand of action-relevant climate information on s2d
time scales is growing. However, what forecasters provide
is far from what the users demand (even in the absence
of skill).

e Bias correction, calibration and combination are essential
in the successful application of s2d climate information.

e EUPORIAS, SPECS and many other projects, along with
the WWRP and WCRP initiatives (S2S, WGSIP, PPP), work
together to bridge the gap and illustrate usefulness.
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WCRP and the Grand Challenges

e E.g. Grand Challenge on Regional Climate Information: What gaps in
our scientific understanding and information, if addressed, would
maximise the value content of regional climate information?

e Decadal prediction and biogeochemistry (including air quality at local
scales and impact of volcanic aerosol) chosen as targets for new fast-
track WCRP-IPCC activities.

WCRP Organization
Joint Scientific Committee Joint Planning Staff
Modeling Advisory Council Data Advisory Council

Working Groups on: Coupled Modelling (WGCM), Regional Climate (WGRC],
Seasonal to Interannual Prediction (WGSIP), Numerical Experimentation (WGNE)

Clic CLIVAR GEWEX SPARC

Regional Climate Information
Sea-Level Rise and Regional Impacts
Cryosphere in a Changing Climate
Changes in Water Availability

Clouds, Circulation and Climate Sensitivity

Cryosphere-Climate Interactions
Ocean-Atmosphere Interactions
Land-Atmosphere Interactions
Troposhere-Stratosphere Interactions

Climate Extremes
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THORPEX legacy projects

The WWRP/WCRP Polar Prediction Project (PPP) promotes cooperative
research enabling improved prediction services for the polar regions, on
time scales from hourly to seasonal. This is the hourly to seasonal
research component of the WMO Global Integrated Polar
Prediction System (GIPPS), and complementary to WCRP-PCPI.

WGSIP contributes to the links between polar and non-polar regions
(workshop in December) and the organisation of YOPP.

International /7
workshop on ¢/ Support by:
polar-lower latitude

linkages and their WARE™_ \WCRP.®
role in weather and climate T
prediction

A joint initiative by WWRP-PPP and WCRP-PCPI. A workshop on invitation only.

10 - 12 December 2014, Barcelona, Spain

Registration to start in late June 2014

Download leafiet

At a glance:

Objective: The aim of the workshop is to gain an overview of our current understanding of
polar-lower latitude linkapges and their implications for prediction and services and to
formulate recommendations that will guide international future research activities

Structure: The workshop will consist of key note talks by invited speakers, challenger talks

5 »
poster [ group ions and a plenary session. H Q NV/

2 ists and rep i from international programmes, prediction
centres and funding agencies —

Expected outcome: Enhancing the scientific network on the topic of polarinon-polar
i and pi ing a set of recomm i that wil be broadly disseminated as a

report.

BSC Seminar - Climate prediction for climate services: a new paradigm in climate research and modelling Barcelona, 16 September 2(?1%



. INSTITUT CATALA DE CIENCIES DEL CLIMA
Some final thoughts

e When dealing with other communities, weather, chemistry
and climate research should take into account:

» Responsibility
» Sensitivity

» Credibility

> Liability
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